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Tlie i on iza t ion  cross-sect ion de tec to r  i s  rocognized as one of t h e  few 

@j uncquivocal de t ec t ion  devices  a v a i l a b l e  f o r  use i n  gas  clrromatography. The 

use of an i n t e g r a l  p a i r  i on iza t ion  c ross -sec t ion  d e t e c t o r  makes it poss ib l e  

t o  u t i l i z e  the des i r ab le  c h a r a c t e r i s t i c s  assoc ia ted  with t h i s  de t ec t ion  mothod 

a t  rcduccd pressures ,  f o r  programmed tenporature  and pressure  (or flow pro- 

grammed operat ion)  without t he  accompanying de f i c i enc ie s  o f t e n  encountered with 

o tho r  d e t e c t i o n  systeaso, 

with a t o t a l  volume of $ 1  micro l i t e r s .  

t i o n  responses f o r  components emerging from 0.01 inch diameter c a p i l l a r y  chro- 

matographic coluinns, t h u s  extending t h e  range of appl ica t ion  of i on iza t ion  cross 

sec t ion .  

imposed on a f l i g h t  model chromatograph f o r  i n t e rp l ane ta ry  explorat ion.  

valuo Q, t h e  c r o s s  sec t ion  f o r  ion iza t ion  €or elements, can be experimental ly  

determined and ca l cu la t ions  appl iod tha t  al low t h e  determination of  the-  nass of 

I .  . 

. A micro cross-sect ion d e t e c t o r  has been developed 

This cell  is usod t o  provide cross-sec- 

The foregoing de tec to r s  a r e  r ead i ly  adaptablo t o  t h e  c o n s t r a i n t s  

The 

' componont represented  by any chromatographic peak, * 
% 
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TION CROSS-SECTION DETECTORS 

The ion iza t ion  c ross -sec t ion  de tec to r  of  Pompeo and Otvos (5) has long been 

recognized as a c lose  approach t o  t h e  ijloal d e t e c t o r  f o r  gas chromatography. 

The disadvantages i n  t h e  o r i g i n a l  vers ion  were a poor s e n s i t i v i t y ,  d e t e c t i v i t y  

and the  fact t h a t  i t s  i o n i z a t i o n  source was f r equen t ly  strontium-90, a radio-  

nuc le ide  of such no to r io ty  t h a t  i t s  use could generate  apprehension and rrdmin- 

i s t r a t i v e  problems. The in t roduct ion  of t r i t i u m  as t h e  r ad ia t ion  source i n  a 

recent improvement in design as repor ted  by Lovelock, Shoemake and Z l a t k i s  (t;) 

has obviated t h e  disadvantages assoc ia ted  with t h e  use of strontium-90. 

improvement i n  s e n s i t i v i t y  of  two orders  o f  magnitude was achieved by a d e t e c t o r  

conf igura t ion  i n  which a high  i n t e n s i t y  of ion iza t ion  was de l ivered  t o  a small 

volume of gas. I 

I 

I 
I An 

* I  

r I 

The development of an improved ioniza t ion  c ross -sec t ion  d e t e c t o r  was s t imu la t ed  

by a p r a c t i c a l  need f o r  a rugged r e l i a b l e  and reproducible  de t ec t ion  system f o r ,  

t h e  proposed p l ane ta ry  atmosphere measurements of t h e  Nat ional  Aeronautics and 

Space Administration. 

is of t h e  recent  advances i n  t h e  theory  and p r a c t i c e  of i on iza t ion  c ross -sec t ion  

d e t e c t o r s ,  

This  s t imulus has  continued and t h e  account t h a t  fol lows 

In  p a r t i c u l a r ,  a d e t e c t o r  with a sensing volume of only 8; micro- 

liters with an even h igher  s e n s i t i v i t y  t o  small  masses i d  descr ibed as wel l  as 

an i n t e g r a t e d  y a i r  of d e t e c t o r s  arranged t o  provide compensation f o r  l a rge  

changes i n  t h e  ambient temperature,  p re s su rc  and composition, of t h e  carrier gas., 

The abso lu te  c h a r a c t e r i s t i c s  of tho ion iza t ion  cross-sect ion de tec to r ,  b r i e f l y  

r epor t ed  by Simmonds and Lovelock (6) a re  a l s o  considered. 
I 

Pro ce dum 

Phys ica l  Basis  

The gene ra l  phys ica l  b a s i s  of ion iza t ion  c ross -sec t ion  measurements i n  

chemical a n a l y s i s . h a s  been comprehensively descr ibed by Otvos and Stevenson ( A ) *  

I 

* 



1 . * I  . . 
The phys ica l  p r i n c i p l e s  on which tho  roccnt improved de tec to r s  are based a ro  as 

follows: Tho nuniber of  ion  p a i r s  (i) produced p e r  u n i t  l ength  of t r a v o l  of a 

p a r t i c l e  of known energy Fhrough a gas at S.T.P. is  given by, 
I 

i d Q  (1) I 

where Q is t h e  c ros s  s e c t i o n  f o r  ion iza t ion  of t h e  gas under considerat ion.  
\ -  

When, n, p a r t i c l e s  t r a v e r s e  the  gas i n  un i t  timo t h e  rate of ion  product ion is, 

n i ,  and under p r a c t i c a l  condi t ions  t h i s  rate ot:' i o n  production cui be ixciirz:cIy 

measured by the  flow of cur ren t  (I) assoc ia ted  with t h e i r  c o l l e c t i o n  at  a charged 

e l ec t rode ,  T h i s  may be expressed as 

fDc nid"nQ 

With any gas t h e  rate of ion  production due t o  a s teady i r r a d i a t i o n  with p a r t i c l e s  
I 

of known energy is determined by t h e  length of t h e  r ad ia t ion  path,  t h e  ambient 

phys i ca l  v a r i a b l o s  of temperature (T) , pressure (P) , and t h e  molecular ion iza-  

t i o n  cross s e c t i o n  of t he  gas (Q). ., 
and the  energy of  t h e  r a d i a t i o n  is  known and only a small po r t ion  of it i s  absorbed 

i n  t h e  gas; t hen  with a given ,ath length and temperature t h e  rate of  ion  produc- 

t i o n  o r  cur ren t ,  as shown above, is  uniquely determined by t h e  gas pressure.  

If the gas i s  assumed t o  have i d e a l  p r o p e r t i e s  

S i m i l a r l y  t h o  i o n i z a t i o n  c ros s  sec t ion  is a c o n s t i t u t i v e  proper ty  and t h e r e f o r e "  

is a mixed gas t h e  cur ren t  is determined by t h e  sum of the  molar f r a c t i o n s  (Xi) 

and i o n i z a t i o n  c r o s s  s e c t i o n s  9of the ,components of the mixture (Qij, 30 that .. - 
I 

I n  a p r a c t i c a l  i on iza t ion - ' c ros s  . %  sec t ion  d e t e c t o r  the& i d e a l  condi t ions  ate 

c l o s e l y  approached. ,'!%e mixture of low molecular weight carrier gas and d i l u t e  

vapor can without  apprec iab le  e r r o r  b s  considored as an i d e a l  gas and the  ambient 

phys i ca l  v a r i a b l e s  experimental ly  determined, The only po in t  a t  which t h e  device 

f a i l s  t o  achieve absolu te  s t a t u s  i n  a physical  sense is where t h e  atomic i o n i z a t i o n  



cross-sec t ions  a r e  considorcd. These a r c  dcpciidcnt upon t h e  enorgy o f  t h o 3  

I p a r t i c l e s .  1Jith p r a c t i c a l  rad ioac t ive  sources t h c r c  i s  a wide d i s t r i b u t i o n  

0f-d p a r t i d o  errorgies p a r t l y  because of the physics  of decay and p a r t l y  due t o  

energy absorpt ion i n  t h e  material of tho  source. The atomic i o n i z a t i o n  cross-soc- I 
1 
I t i o n s  do not  vary  much f o r A  p a r t i c l e s  with energ ies  above 1 K ev and. the  mean 
I 

I energy o f 2  p a r t i c l o s  from a given rad ioac t ive  source is  s u b s t a n t i a l l y  consis-  

t e n t .  In  t h e  important p r a c t i c a i  senso, rne deteci;rii' is iibso+:c. 

I t  has  been shown (4) t h a t  t h c  molecular i on iza t ion  c r o s s  s e c t i o n  i s  a 

c o n s t i t u t i v e  proper ty  and is  equal  t o  t h e  sum of the  atomic i o n i z a t i o n  c ross -sec t ions  

o f  t ho  atoms of t h e  molecule. This f a c t  coupled.with the  previous remarks give , . 

rise t o  an important bu t  comparatively unknown q u a l i t y  o f  t h e  i o n i z a t i o n  cross-  

s e c t i o n  de tec to r ;  it is  absolu te  i n  t h e  sense t h a t  t h e  mass of a known substance 

appearing as a peak on a chromatogram can be ca l cu la t ed  from c o n s t i t u t i v e  prop- 

ert ies of t h e  elements of  t h e  molecule and ambient phys ica l  condi t ions.  Calibra- 

t i o n  i s  not  required at any s tep .  

on ly  p r a c t i c a l  gas chromatography de tec tor  with t h i s  des i r ab le  qua l i t y .  

The ioniza t ion  c ross -sec t ion  d e t e c t o r  i s  t h e  

Even t h e '  

gas d e n s i t y  balance as b r d i n a r i l y  used requi res  the  c a l i b r a t i o n  of i t s  anenometer. 

The phys ica l  b a s i s  of 

and t h e  d e r i v a t i o n  of 

substance t o  i t s  mass 

absolu te  measurements with ion iza t ion  c r o s s  sec t ion  d e t e c t o r s  

a p r a c t i c a l  expression r e l a t i n g  tho  peak area of a known 

paral le l  des ign  containing two equivalent  rad ioac t ive  sources ,  .. 

where K is  a ce l l  conptant including n from equat ion (3) and i n  add i t ion  is  dependent 

on ce 11 ':geometry. 

In  p r a c t i c e  t h e  cur ren t  assoc ia ted  with pure carrier gas is o f f s e t  and only 

t h e  s i g n a l  due t o  t h e  presence of t e s t  substance is observed. In t h i s  i n s t ance  t h e  
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cur ren t  change, A I ,  accompanying t h e  presence of a vapor concentrat ion X is  

Figure 1 is B diagramatic  represonta t ion  of a chromatographic pcak whore Io i s  

t h e  s tanding  cu r ren t ,  

substance,  Is t h e  t o t a l  cu r rcn t ,  A t tho  time of  o l u t i o n  of tho  chromatographic 

pcak, A, the a r e a  of tho  poak ;urd A1 tho area of (I segmont bonoath t h o  s tanding  

current p la teau .  Tho value  fo r  tho  coll constant  K is doterminod from t h e  area 

I t h e  cur ran t  chnngo a s soc ia t cd  with t h e  proscnco of t e s t  

- 

AI and is found t o  be 

where Qc is t h e  c ros s  s e c t i o n  f o r  ion iza t ion  of t h e  carrier gas. 

t h e  chromatographic peak w i l l  be givon by 

Tho area A2 of 

I 

4 I A t  (7) 
2 :  . .  

S u b s t i t u t i o n  of t h e  proper expression f o r  A I and K y i e l d s  an oxpression f o r  t h e  

molar f r a c t i o n  of t es t  substance present  

I where Qx is t h e  i o n i z a t i o n  c ross  soc t ion  of t h e  test substance. With t h e  proper  

cons ide ra t ions  a value is  obtained fo r  the  mass of substance (M,) represented  by 

a chromatographic peak which is 
2PF A t ZXA2Qc 

Ms D,KTIoAt  (Qx-Qc)-2A2Q, (9) 

A somewhat easier approach i s  allowed whon tho  molar f r a c t i o n  of tes t  substance 

i s  less t h a n  1% of t h e  c a r r i e r  gas i n  which case equat ion (9) reduces t o  

whore t h e  a d d i t i o n a l  term F' i s - e q u a l  t o  t h e  flow rate of carrier gas measured 

a t  t h e  d c t e c t o r  o u t l e t  a t  the' tempcraturo of opera t ion  and Z, is  t h e  molecular 

. weight of t h e  t o s t  substance; 

. .  .. 
. .  

.> . .. . . . .. ... ..i , . : . 
1 



Automatic Compensation 

"lie s c n s i t i v i t y  of t l ~ c  ion iza t ion  cross-scct ion d e t c c t o r  i o  changcs i n  t h o  

ambient tcmpcraturc  o r  pressure  i s  s u f f i c i c n t  l y  low f o r  D s i n g l c  uncompcnsatcd 

d e t e c t o r  t o  meet t h o  needs of rout ino  isothermal gas chromatography. lihon tho  

t cnpe ra tu re ,  p re s su re  o r  composition of t he  carrier gas i n  t h e  d c t c c t o r  is sub- 

jcct  t o  l a rge  changcs; f o r  cxamplc i n  tcnpcraturo programmed gas  Chromatography, 

o r  i n  the sampiing of a pianccary a i n ~ o s ~ i ~ i c  by ii d e s r o i i d i ~ ~  probe, - 0 n- i r  r--- cf 

i d c n t i c a l  d e t e c t o r s  can be uscd i n  a c i r c u i t  design t o  conpcpsate aga ins t  d r i f t  

o f  t he  base l i n e  o r  f a l s o  s i g n a l s  from unknown changes i n  t h c  ambient va r i ab le s .  

The not ion  o f  compnnsation using a p a i r  of i d e n t i c a l  dc t ec to r s  was introduced 

e a r l y  i n  t h e  h i s t o r y  of i on iza t ion  cross-scct ion do tec to r s  by Bocr (2) and has  

been r e c c n t l y  dcmonstratod by Abcl and dc Schncrtying (1). 

p r a c t i c c  of conponsation , p a r t i c u l a r l y  whero l a r g e  changos i n  gas pres su re  are 

The thcory 'and  

t o  be cance l led  have no t  bccn previously dcscribed. 

Figure 2 shows t h e  two poss ib le  c i r c u i t  arrangomcnts f o r  a balanced p a i r  

of de t ec to r s .  In  t h e  p a r a l h l  arrangement of Fig, 2 A a p e r f e c t  ba lance  under 

almost a l l  condi t ions  i s  r e a d i l y  achievcd. 

c u r r e n t s  of t h e  ' two d e t e c t o r s  undor otherwise i d e n t i c a l  condi t ions  can be can- 

Small d i f f c rcnccs  between t h e  s t and ing  

celled by equiva len t  changes i n  the  ind iv idua l  r e s i s t o r s ,  R i b  i n  series with t h e  

detectors. iv'ith botil detectors tho currefit f?i~:s which 3rc cnmpared come from the 

c o l l e c t i o n  of t h o  samo spec ies  of charge carriers which may be e i t h e r  nega t ivc  o r  

p o s i t i v e .  

c i r c u i t  is somewhat imprac t ica l  because of  t he  inhcront  high impedance of i on i -  

In  s p i t e  o f  t h e s e  apparcnt des i r ab le  f e a t u r e s  tho  p a r a l l e l  balance 

z a t i o n  dc tcc to r s .  

with both s i d o s  o f  t h o  input  f l o a t i n g  or ,  a l t c r n a t i v o l y ,  two e l e c t r o n c t o r s  with 

"lie arrangcmcnt shown i n  Figuro 2 A would regt i i re  an e lec t rometer  

t h o  s i g n a l  comparison made at low impedance outputs  which is of course expcnsive. 

-5 - 



The series ba-inced c i r c u i t  of Figure 2 B is  more p r a c t i c a l  and r equ i r e s  only  

one conventional e lectrometer .  

by t h e  ted ious  i n i t i a l  adjustment of  t h c  rad ioac t ive  source i n t e n s i t i e s  when t h e  

d e t e c t o r s  a r e  evacuated and subscquontly balancing tho  p a i r  by small changos i n  

t h e  cel l  geometry of ono of tho dotcctors .  

son of negativo chargo c a r r i o r s  i n  one d e t e c t o r  with p o s i t i v e  charge carriers i n  

Its disadvantages a r e  t h a t  balancing must be done 
I 

Theso problems arise from t h e  compari- 

-1  si,ice t:ie cGr,ssq6efice- of -1.:- .."A :m-rr+.Int. b1.13 C I I C  ,,..y"*" -..- ir: +,he p?rar+-Fcal lice 

o f  the  balanced p a i r  of d e t e c t o r s  t he  physical b a s i s  w i l l  be discussed. 

Consider a simple ion  chamber connocted t o  a source of p o t e n t i a l  and t o  t h e  

input  r e s i s t a n c e  of an e lec t rometcr  (Rl),  as shown i n  Figure 3. 

i s  evacuated and a r ad ia t ion  source i s  at tachcd t o  e i t h e r  of t h e  chamber e l e c t r o d e s  

If t h e  chamber 

a p o t e n t i a l  w i l l  be observed .across R1. 

only upon t h e  s i te  of t h e  r a d i a t i o n  source and 3s; independent of t h e  p o l a r i t y  of 

The p o l a r i t y  of t h i s  p o t e n t i a l  depends 

t h e  p o t e n t i a l  appl ied  t o  t h e  chamber. 

t i o n  of charges which always occurs  w i t h 3  decay. 

e l ec t rode  (A) a negat ive p o t e n t i a l  w i l l  appear a t  (B) duo t o  t h e  a r r i v a l  of t h e  

4 p a r t i c l e s  a t  t h a t  e lec t rode .  

w i l l  appear  from t h e  p o s i t i v e  charged r eco i l ing  n u c l e i  l e f t  imbedded i n  t h e  metal 

of t h e  r a d i a t i o n  source. 

The o r i g i n  of t h i s  p o t e n t i a l  i s  t h e  separa-  

If tho  source is  a t tached  t o  

I f  t h e  source is at  (B) a p o s i t i v e  p o t e n t i a l  

! L a - -  a.L- -L-*l.,.- ,.n-i.":-c 
I I I A G I b  CIAC C I I C U I ) W G A  ~ w ~ a ~ ~ ~ a ~ a  gas 2 ZSZbcr of i O r ?  p2irS (u) iS produced by each 

p a r t i c l e  as it t r ave r sos  t h e  charnber. The cur ren t  flow i n  t h e  r e s i s t anco  Rl 

due t o  t h e  c o l l e c t i o n  of those  ions  by an appropriate  appl ied  p o t e n t i a l  a t  t h e  

chamber e l e c t r o d e s  w i l l  bo i n  a d i r ec t ion  determined by t h e  p o l a r i t y  of t h e  

app l i ed  p o t e n t i a l .  The t o t a l  cur ren t  flow due t o  both t h e  i o n i z a t i o n  of t h e  gas 

and t o  primary p a r t i c l e  c o l l e c t i o n  w i l l  be 

I - n  ( ~ t  1) 

where n is the> p a r t i c l e  flux per'second. When t h e  primary and secondary charge 

-6- 



carriers a r r i v i n g  a t  e l ec t rode  D a r e  of the same s ign  t h e  cur ren t  i s  n(Y + 1) and 

when t h c y  are of the oppos i te  s ign ,  n(Y - 1). 

s i n g l e  r ad ioac t ive  source equat ion (3) becomes 

In  a d e t e c t o r  conta in ing  only  a 

and equat ion ' (LO) becones 

I t  might appcar that  unwanted cu r ren t  flow duo t o  tho  primary chargo sepa ra t ion  

could be avoided by an e x t e r n a l  sourco of rad ia t ion .  In p r a c t i c e  however, t h e  

a d d i t i o n a l  complicat ions i n  design a ro  more onerous than  t h e  o f f s e t t i n g  of t h e  

primary cu r ren t  flow, 

employs a r a d i a t i o n  source a t  each electrode.  

primary c u r r c n t s  cancel  which 'is an add i t iona l  prev ious ly  unmentioned v i r tue '  of 

The s i n g l e  channel dctector previous ly  descr ibed  (2) 

Under theso  circumstances t h e  

t h i s  design. 

When t h e  balanced p a i r  systems shown i n  Figure 2 are used and t h e  r a d i a t i o n  

sources  a t t ached  t o  t h e  e l ec t rodes  ind ica ted ,  t h e  primary cu r ren t  is  again cance l led  

and t h e  s i g n a l  cu r ren t  is  s o l o l y  from ion product ion in . , the  gas. 

serve t h o  c o r r e c t  s i t e  and p o l a r i t y  of t h e  r a d i a t i o n  sources  with t h e  balanced 

p a i r  d e t e c t o r s  ciln give r ise  t o  erroneous and even negat ive  s i g n a l s  for  a change 

i n  gas  composition. 

Construct  i o n  

Fa i lu re  t o  ob- 

Figure 4 shows t h o  dimensions and mater ia l s  of  cons t ruc t ion  of a 8 micro- 

l i t e r  t o t a l  volumc i o n i z a t i o n  cross-sect ion de tec tor .  

from 1.6 mm diameter tub ing  which cncloses t h e  r a d i a t i o n  source. 

The ion  chamber is  formed 

The source is 

a s h e e t  of  s t a i n l e s s  s teel  f o i l  .002 inches t h i c k  with a surface l a y e r  of 

200 mil l icur iosc:  t i t a n i u m  t r i t i d e .  The c o l l e c t i n g  e l ec t rode ,  made o f  0.8 mm d i a n e t e r  

s t a i n l c s s  s t ee l  rod, is  mounted a x i a l l y  along t h e  chamber, Carrier gas e n t e r s  t h e  

-7- 
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chanbcr through channcls i n  a plug of t c f l o n  which a l s o  sorvcs  t o  i n s u l a t o  and 

support  t h o  i o n  c o l l e c t i n g  e lcc t rodc .  

i n  a sccond t c f l o n  plug through which tho ion  c o l l c c t i n g  e loc t rode  oxtcnds for 

Tho gas  e x i t  is through a c e n t r a l  chanhol 

c x t c r i o r  o l o  c t  r i c a l  connoct ion  . 
Figure 5 shows t h e  dimcnsions' and k a t c r i a l s  of cons t ruc t ion  of a compcnsatcd 

p a i r  i o n i z a t i o n  c ros s  s e c t i o n  Jc toc to r .  In  t h i s  cons t ruc t ion  t h e  two i o n  chvnbors I 

-are i n r c g r a i i y  ~ u ~ u i ~ ~ Z ~ d  ;rid zouzrz:! zi+,!:in rr s inglo  ex to rna l  body. 

i o n  c o l l e c t i n g  c lec t rodo  is  an a x i a l  rod i n  t h e  l o f t  chambcr and t h o  i n n c r  cy l in-  

The common 

d r i c a l  wall of  t h e  r i g h t  chamber of t h o  pair. 

scmcs t o  conduct t ho  gas 'from tho  chamber and a l so ,  whero it extcnds through a 

t e f l o n  bushing i n  t h e  o u t e r  no ta l  body of t ho  de tccror ,  as an ox tc rna l  electrical  

.connection t o  tho  elcctromcter .  A t  t ho  end of t h e  l o f t  chamber t h e  axial  rod J 

passes  through t e f l p n  i n s u l a t i o n  and expands t o  form t h e  second ion  chanbcr. 

The rod s e c t i o n  i s  hollow and 

Gas e n t e r s  . this i on  chamber through anothcr .%axia l  rod which a l s o  sorves  as t h e  

extcrnal connection t o  t h e  negat ive supply of po ton t i a l .  

whcre it passes  through an i n su la t ed  supporting mctal p l a t e .  

a f i n e  adjustment of t h e  volume of t h c  r igh t  chmbcr  so t h a t  t h e  f i n a l  o l c c t r i c a l  

ba lanc ing  can be madc with the de toc to r  asscdsled.  The cx to rna l  support ing 

metal  case a1so . func t ions  as t h e  sccond c l cc t rode  oE t h e  l e f t  chanbcr t o  which 

is coriiiectod the pos i t ive  supply nf po ten t i a l .  

Tlais rod i s  threaded ' 

This provides  

. 

The r a d i a t i o n  sources  are again 

s t a i n l e s s  s t e e l  f o i l s  with a l a y c r  of  t i tanium t r i t i d e  on t h e  surface.  

mounted on t h e  i n n e r  sur faces  of tho  outor walls of both ion chambers. 

Performance Hcasurenent 

They a r e  
. .  

ir . . 
Tlac pcrfornancc,  bf tho  8 ;  a i c r o l i t o r  volume d e t c c t o r  was ncasurcd using tho  

syno appara tus  and procedure as t h a t  proviously doscribod (3) with tho  80 micro- 

l i t c r  volune dotcc tor .  Br i e f ly  t h i g  was done by connocting t h e  d e t e c t o r  t o  a 

l o g a r i t h n i c  d i l u t i o n  vesso l  f i l l o d  with t c s t  gas. Tho concontrot ion of t h i s  gas 
h I 

. . .  



I 

1 as  cont inuously 4 i utcd by a.:constant known flow of  c a r r i e r  gas i n t o  the  v e s s e l  

and t h e  d e t e c t o r  s i g n a l  monitored during the  per iod  t h e  t e s t  gas concentrat ion 

dccayed from 100% t o  t h a t  a t  which tho de tec tor  s i g n a l  was a t  o r  near  tho  no i se  

leve l .  The p r a c t i c a l  ysrformanco of t h c  de t ec to r  was a l s o  observed when it was 

used t o  monitor tho  e f f l u e n t  from 0.01 inch 'd ianc ter  c a p i l l a r y  columns. 

shown i n  Figure. 6- 

considcrably d i f f e r e n t  from atmosplieric, i . o . ,  i n  t he  range 5 t o  250 nun Hg. 

However, this de tec tor  was designed f o r  use a t  p re s su res  

L O W  

pressurc  measurcnents of t h e  de t ec to r  pc r fonance  were made us ing  t h e  apparatus  

i l l u s t r a t e d  i n  Figure 7 ,  The d e t e c t o r  was mounted wi th in  a p l e x i g l a s s  vacuum 

d e s i c c a t o r  which was connected t o  a vacuum pump through a b u f f e r  s torage  volume, 

t o  rcduce f l u c t u a t i o n s ,  and to an accurate absolute  pressure  ind ica to r ,  When 

t h e  d e t e c t o r  was t e s t e d  us ing  a d i l u t i o n  vesse l  t h e  v e s s e l  was operated a t  

atmospheric pressure  and a small po r t ion  of t h e  e f f l u e n t  from tho  vessel passed 

through a c a p i l l a r y  r e s t r i c t i o n  i n t o  the'vacuum chamber. A l l  necessary gas and 

e l e c t r i c a l  connections were made by passing such connections through t h e  d e s i c c a t o r  

walls and s e a l i n g  with an epoxy resin.  When t h e  d e t e c t o r  was t e s t e d  at t h e  

e f f l u e n t  of  a gas chromatographic column these  were u s u a l l y  included with t h e  

d e t e c t o r  i n s i d e  tho va~uiiirr vessel. 

Figure 8 shows t h e  experimental  arrangement used when t h e  balanced p a i r  

detector is operated i n  t h e  s tandard mode. 

experimental  nethod f o r  t h e  balanced p a i r  d e t e c t o r  when used f o r  temperature 

Figure 9 i l l u s t r a t e s  t h e  recommended 

programming o r  dual  p a r a l l e l  column operation. 

t h e  sample i n j e c t i o n  i s  at po in t  (J), tihilo fo r  temperature programming t h e  sample 

i s  i n j e c t e d  a t  po in t  (B). 

For p a r a l l e l  column app l i ca t ion  



Though not  d e s i r a b l e  i n  host  ins tances  as p a r a l l c l  column opcra t ion ,  a 

series column arrangement may bc used as i l l u s t r a t e d  i n  Figure 10. 

t h c  p a r a l l e l  o r  series column appl icat iol i  car0 must bo exorcised i n  column choice 

In  c i t h c r  

so t h a t  sample coniponcnts do not  a r r i v o  i n  both cel ls  s imultancously as one of 

t h c  p a i r  must be a v a i l a b l c  t o  serve a s  a rcfcrcnco.  

Results and Discussion 

Tsb:ls 1 l is ts  +!re pel-fnrmnnce c h a r a c t c r i s t i c s  a t  S. T. P, f o r  both de t ec to r s .  

Tlic c h a r a c t e r i s t i c s  f o r  t h c  prev ious ly  dcscr ibed 80 m i c r o l i t e r  volume d e t e c t o r  (1) 

are a l s o  included f o r  comparison. The d c t c c t i v i t i e s  ore cxpressed as t h o  s t a t i c  

conccnt ra t ion  parameter gm p e r  m l ,  which i s  t o  be tho  same f o r  a l l  t h r e e  detec-  

t o r s ,  and as t h e  much more usefu l  dynamic parameters apparent i on iza t ion  efficiency . 

a n d ' i n  u n i t s  gmS p c r  SCC, a t  an operat ing time constant  of one second. 

apologize fo r  wishing t o  include t h e  s e n s i t i v i t i e s  of  thcso  concent ra t ion  measuring 

IJc do no t  

d e t e c t o r s  i n  t h e  dynamic u n i t s  mass p e r  u n i t  time f o r  a s t a t e d ' v o l u m e t r i c  time 

constant .  

c a p a b i l i t y  and comparison i re  considered, t h e  dynamic mass t r a n s f e r  expression,  

mass o r  moles p e r  u n i t  t i n c  a t  u n i t  opera t ing  time constant  is  a convenient 

s i n g l e  parameter.  For tho t h r e e  de t ec to r s  l i s t e d  i n  Table I t h e  s c n s i t i v i t i c s  

, i n  t h e  mass u n i t s  are seen t o  improve as t h e  volume of  the  d e t e c t o r  i s  reduced.. 

The gas chromatograph is a dynamic nethod 'of  ana lys i s  and when d e t c c t o r  

with  the 8 m i c r o l i t e r  volume d e t e c t o r  the least  de t ec t ab le  mass appearing as a 

f i v e  sccond wide peak on a c a p i l l a r y  column would f o r  example bo i n  t h e  region 

of 0.1 t o  0.5 nanograms. 

l i s t e d  i n  Tnblo I arc less cont rovers ia l  and f o r  t h e  most p a r t  self-explanatory.  

The o t h e r  pcrformancc and opera t ing  c h a r a c t c r i s t i c s  

The p o t e n t i a l i t i o s  of the 3 m i c r o l i t e r  volume d c t c c t o r  are perhaps b e s t  

i l l u s t r a t e d  by t h e  chromatogram Figure 11 mado with a 0.01 inch diameter  cap i l -  

l a r y  column. The optimum flow rate w i t h  such columns is i n  t h c  region of 16 

m i c r o l i t e r s  p e r  second so t h a t  tho operat ing timo constant  oE t h e  d e t e c t o r  i s  

- 10- 
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only 0.5 scconds. 

gas chromatography. 

tinic cons tan ts  are poss ib l e  by an incronso i n  gas flow through t h c  dc t cc to r .  

may liowcver r cqu i r e  a p r i c c  t o  bc pa id  i n  terms of  r e so lu t ion  o r  s c n s i t i v i t y .  

. Thc i o n i z a t i o n  proccsscs  wi th in  t h c  dc t cc to r  arc i n  gas chronatography t o m s  

ins tan taneous  so t h a t  t h e  time cons tan t  is uniqucly dctcrmincd by t h o  d e t e c t o r  

This i s  fast enough f o r  n c a r l y  a l l  of  t ho  p r a c t i c a l  nccds of 

Iflicrc f a s t e r  ana lys i s  a r o  contcnplatcd evon s h o r t c r  opc ra t ing  

This 
1 

. . - 7 . . - -  - - - I  -1.A “ _ C  Cln.,  * - fn . 
I U I U l I l b  O I I Y  b I A e  &-a & a Y v i  -Y--. 

Figure 12 i s  an i l l u s t r a t i o n  o f  a chromatogram obtaincd with t h c  balanced 

p a i r  d e t e c t o r  u t i l i z i n g  t h e  p a r a l l e l  column operat ion previous ly  discussed. 

Figure 13. shows a similar ana lys i s  ca r r i ed  out  with t h o  balanced p a i r  d e t c c t o r  

opcra t ing  with t h e  columns i n  series. 
, 

To i l l u s t r a t c  t h e  usefu lness  of t h e  balanccd p a i r  d c t c c t o r  i n  t enpc ra tu rc  

progranming, a chronatogran, Figurc 14 A, was obtaincd showing a complcx hydro- 

carbon n ix turo .  The dcvia t ion  of  t h e  basc l i n c  due t o  blccding of  tlic l i qu id ’  

s u b s t r a t e  becomes q u i t e  apparent and ca l cu la t ion  of peak arcas nadc somewhat; 

d i f f i c u l t .  Figurc 14 ll shows t h e  i d e n t i c a l  ana lys i s  nadc with t h e  balanccd 

p a i r  d e t e c t o r  u t i l i z i n g  t h e  tcnpera ture  programmed mode of opcrat ion.  

i n  b a s e l i n e  i s  observed due t o  l o s s  o f  l iqu id  s u b s t r a t e  from t h e  column, 

No s h i f t  . 

Any 

t cnpe ra tu re  changc on t h e  de t ec to r  i t s e l f  i s  found t o  havc negligible e f f e c t  

e:: thc bzscline s i n e  rr chmgo of 200°C on tiic d c t e c t o r  r e s u l t c d  i n  a net base l ine  

s h i f t  of  less  than  3S.of f u l l  s c a l e  dcf lcc t ion .  This  minor change due t o  d e t e c t o r  

c h a r a c t e r i s t i c s  would be obviated i f  t h e  c c l l s  were e x a c t l y  balanccd as:;prcviously 

descr ibed.  
. .  

Figure 15 showsfltlic cx tont  t o  which t h c  bl lanced p a i r  d e t c c t o r  fa i l s  t o  * . 

achieve a conpleto cancc l l a t ion  of t hc  s igna ls  due t o  prcssuro  changes. 

t h i s  r c s i d u a l  c r r o r  s i g n a l  should vary l i n c a r l y  with t h e  pressurc  changc. 

p r a c t i c c  where t h e  cliangc i s  la rge ,  f o r  e x a q l e  a prcssuro  changc from 760 mm Iig 

Xdeally 

In 

t o  20 mm lig, t h e  effccts  shown i n  Figurc 15 nay occur.. That t h e s e  are a t t r i b u t a b l e  



t o  d i f forcnccs  between t h e  mean encrgics of  the> p a r t i c l e s  from t h e  two sources  

i s  shown by t h o  effect of  exchanging thc sources betwcen tho  two chvnhors 

(dot ted  l i n e ) .  This e f f e c t  i s  not 3 ser ious  source of e r r o r  f o r  t h e  e r r o r  s i g n a l  

i s  only onc p e r  cent of t h e  s tanding currcnt  a t  t h e  worst  po in t  of t ho  p res su re  

d ~ a n g ~  between 760 mi Ilg and 20 nm rig. It i s  however worthwhile ensuring t h a t  

the t r i t i u m  sources  are as similar as possiblo.  

. 
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LEGENDS TO FIGIJ1UiS 

(1) 

(2) 

(3) 

Diagramatic reprcscnta t ion  of an c lu tcd  chromatographic pcak 

Two modes of operat ion of  a balanced p a i r  i on iza t ion  c ross -sec t ion  d e t e c t o r  

Basic c i r c u i t  of an i on iza t ion  cross-sect ion d e t e c t o r  system 
I 

t 

(4) 8 m i c r o l i t e r  volumc cross-sec t ion  dc tcc to r  

( 5 )  

( 6 )  

Balanccd p a i r  i on iza t ion  cross-sect ion J e t o c t o r  

Experimental arrangemcnt f o r  invcsr iga t ion  of opera t ing  C h a r a c t e r i s t i c s  

of t h c  balanced p a i r  i on iza t ion  cross-sect ion de tec to r :  

supply,  B = gas t eo ,  C = samplc supply, D * t h r e e  way,valvc,  E = logari thmic 

A .  = carrier gas 

d i l u t i o n  vesse l ,  F & G = po la r i z ing  p o t e n t i a l ,  Ii = de tec to r ,  I = e lec t rometer ,  

J - recordor  

(7) Experimental arrangement f o r  i nves t iga t ion  of  d e t e c t o r  performance undor 

reduced pressure:  A = 'vacuum pump, B = atmospheric bleed,  C = bufferctank,  
. .  

I D = pressure  i n d i c a t o r ,  E 5 vacuum vesse l  .- 

(8)  Expcrinental  arrangemcnt f o r  s ing le  column operat ion of  t h e  balanced p a i r  

i o n i z a t i o n  cross-sect ion de tec to r :  

C = column, D & E = po la r i z ing  p o t e n t i a l ,  F = de tec to r ,  G = e lec t rometer ,  

, 
A = c a r r i e r  gas supply,  B = sample i n l e t ,  

ti = recorder  

(9) Experimental arrangement f o r  p a r a l l c l  column operat ion o r  temperature program 

opc ra t ion  of t h e  balanced p a i r  ion iza t ion  cross-sect ion de tec to r :  A = c a r r i e r  

gas supply, B = sample i n l e t  f o r  tcmperaturc program, Cl & C2 = columns, 

D = oven, C & I: = po la r i z ing  p o t e n t i a l ,  G * de tcc to r ,  14 = e lec t romcter ,  

I = recorder ,  J = .sample i n l o t  f o r  p a r a l l e l  column opcrat ion 

Bxpcrimental arrangement f o r  s o r i e s  column oporat ion of t h e  balanced p a i r  

i o n i z a t i o n  cross-soct ion de toc tor :  .A  = c a r r i e r  gas supply,  B = sample i n l e t ,  

\ 

(10) 
' 

Cl & C2 = columns, D & E = po la r i z ing  p o t e n t i a l ,  F = de tec to r ,  C = e lec t rometer ,  

i t  = recorder  



(11) Chromatogram obtaincd w i t h  8 micro iter volumc ion iza t ion  cross-scct ion 

de tec tor .  

hydrogen, i n l e t  p ressure  = 30 ps ig ,  tcmperaturo - 2 S 0 C ,  sample = 

5 microliters pctrolcum e t h y l  vapor 

Chromatogram i l l u s t r a t i n g  p a r a l l e l  column oporat ion 'of t h e  balanced p a i r  

i on iza t ion  c ross -sec t ion  dc toc tor .  

Column 200 E t  0.01 inch dimcthyl su l fo l ane ,  carricr gas = 

(12) 

Column 1 = 3 f t  1/8 inch diamcter  

w i t h  s i l i ca  gcl ;  C a r r i e r  gas s hydrogen; i n l c t  p ressure  - 20 ps ig ;  

t cnpc ra tu rc  = X'C; Sample s i z e  = 100 n i c r o l i t c r s  

Chromatogram i l l u s t r a t i n g  s e r i c s  column opcrat ion of t he  balanccd (13) 

p a i r  i on iza t ion  cross-scct ion detector .  Column 1 = G inch 1/8 inch . 

diameter  packed w i t h . s i l i c a  ge l ;  Column 2 = 3 f t  1/8 inch diameter packed 

with 5 A molecular s iovc;  Carricr gas * hydrogen; i n l e t  p ressure  5 

20 ps ig ;  temperature = 2 5 ' ~ ;  sample sizc = 250 micro l i t e r s .  

Chromatograms i l l u s t r a t i n g  tcmperaturc program operat ion of t h e  balanced (14) 

p a i r  i on iza t ion  cross-sect ion dc toc tor  

E f fec t  of prcs su rc  on t h e  rosponsc of  t h e  balanced p a i r  i on iza t ion  cross-  

s e c t i o n  d c t c c t o r  

(15) 

. 
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